The inclusion in the structure of the hydrogels of nitrogen-containing heterocyclic fragments leads to an improvement in the physicomechanical and absorption characteristics of the acrylate copolymers [7] . Among the most promising heterocyclic modifi ers are tetrazole derivatives [8] . On the whole, there are very few studies concerning the synthesis and investigation of the physicochemical properties of crosslinked copolymers based on acrylic acid, 5-vinyltetrazole (VT), and N, N-methylenebisacrylamide (MBAA). It is for this reason that the study of the process of gelation and the absorption characteristics of these absorbents is urgent.
The process of formation of the three-dimensional network of tetrazole-containing acrylic hydrogels by free radical polymerisation in an aqueous medium is an exothermic reaction. The kinetic parameters of this reaction, and also the physicochemical properties of the absorbents obtained, are a function of many variables, such as the synthesis temperature, the reaction time, the concentration of initiator and monomers in the initial blend and their ratio, and so on. It is for this reason that it is fairly important to investigate the infl uence of the above factors on the properties of the tetrazole-containing acrylic hydrogels obtained.
The dependences of the gelation time on the concentration of initiator -ammonium persulphate (APS) -for tetrazole-containing acrylic hydrogels synthesised with different degrees of neutralisation and reaction temperatures are presented in Figure 1 . For copolymers synthesised with different concentrations of initiator APS and reaction temperatures, the same dependence can be followed: with increase in the concentration of ammonium persulphate, the gelation time, t g , decreases, which is connected with increase in the amount of primary radicals and, consequently, with increase in the initiation rate. The process of gelation takes less than 45 min at a temperature of only 20°C and initiator concentrations of less than 0.4 wt% of the monomer charge.
From published data it is known [9] that, in an alkaline medium, with increase in the pH, there is an increase in the likelihood of formation of ion pairs at the ends of the growing chains, which leads to an increase in the effective rate constant of growth and in the total polymerisation rate of acrylic acid (AA). A similar dependence was revealed during the copolymerisation of AA salts and VT. High gelation rates are achieved at room temperature. For comparison, note that, according to experimental data in reference [10] Such high rates of copolymerisation of AA and VT are most likely connected with the fact that, in the range of VT concentrations used by us (0.45-2.05 mol L -1 ), deviations are observed from the kinetic relationships typical of the radical polymerisation of vinyl monomers, as indicated also by published data [11] . According to research [11] , with APS present in the aqueous medium, in the region of concentrations of 0.5-2 mol L -1 , the formal order of the polymerisation reaction with respect to VT is considerably greater than unity, while E eff = 49.3 kJ/mol -1 and is comparable with the activation energies initiated by redox systems (RSs). Owing to the combination in the 5-vinyltetrazole molecule of nitrogen atoms with an unshared electron pair and a free proton-donor N-H bond, the unsubstituted C-vinyl derivative of tetrazole interacts with APS, and therefore the copolymerisation process is initiated not only by RSs but also by the free radicals formed owing to donor-acceptor interaction of VT and initiator.
The mechanism of formation of additional radicals initiating the process of copolymerisation of AA and VT includes the formation of a complex with charge transfer. The effective activation energy of radical copolymerisation of tetrazole-containing acrylic hydrogel was E eff = 57.1 kJ/mol. Figure 2 presents the dependence of the equilibrium degree of swelling of tetrazole-containing acrylic hydrogels on the initiator concentration. The amount of initiator in the reaction mixture was varied in the range 0.2-2.0 wt% of the total monomers. Irrespective of the composition of the crosslinked polymer, the degree of swelling of the hydrogels initially increases with increase in the APS concentration, passes through a maximum, and then decreases uniformly.
Such a dependence is natural [12] : carrying out copolymerisation at low initiator concentrations (0.2-0.5 wt%) lowers the rate constant of initiation of copolymerisation, which leads to a reduction in the weight of a molecular unit, an increase in the proportion of sol fraction, and a reduction in the equilibrium degree of swelling of the hydrogels [13] .
With increase in the initiator concentration in the system, a considerable number of free radicals arise, initiating the nucleation of macromolecules directly at many active centres, which leads to a considerable increase in the rate of the reaction, an increase in the molecular weight of a unit, an increase in the copolymer yield, and consequently an increase in the equilibrium degree of swelling of the crosslinked copolymer. With further increase in the APS concentration, in the given case at concentrations exceeding 1 wt% of the monomer charge, the large number of active centres of chain nucleation leads to an increase in the copolymerisation rate and to a reduction in the weight of a molecular unit [13] , and therefore the equilibrium degree of swelling of the product again decreases. Figures 1 and 2 indicates that the most effective concentration of initiator APS during the synthesis of tetrazole-containing hydrogel with a maximum degree of swelling is 1 wt% of the total amount of monomers.
Analysis of the experimental data presented in
In the course of the experiment it was established that, with increase in the duration of copolymerisation, the copolymer yield increases and reaches its maximum within 3-4 h (depending on the synthesis conditions). With further increase in the polymerisation time, the copolymer yield remains constant. Figures 3 and 4 present the temperature dependences of the time of the start of gelation, t g , and the equilibrium degree of swelling of tetrazole-containing hydrogels in distilled water for the process of radical copolymerisation of AA and VT respectively.
With increase in the temperature of the process, the time of the start of gelation decreases (Figure 3) , which is in agreement with published data, where it is indicated that the infl uence of temperature on radical polymerisation is connected primarily with change in the rate of initiation [15] . From Figure 3 it can be seen that the time of the start of gelation for tetrazole-containing acrylic copolymer is 30-40 times lower than for hydrogel based on AA, other conditions being equal.
The dependence of the equilibrium degree of swelling of crosslinked tetrazole-containing copolymers on the temperature of free-radical polymerisation is presented in Figure 4 . Agreement of the investigated curves is observed with different proportions of tetrazole-containing monomer in the reaction medium. The given dependences demonstrate that, for hydrogels synthesised with different concentrations of VT, the equilibrium degree of swelling increases with increase in the synthesis temperature from 15 to 50°C, and then decreases monotonically with increase in temperature to 65°C. Reduction in the degree of swelling in the case of synthesis at room temperature is connected with reduction in the limiting degree of conversion of the monomers [13] .
Reduction in the equilibrium degree of swelling of hydrogel at a synthesis temperature of 50°C occurs on account of the formation of a defective structure of the network, and also a densely crosslinked copolymer, which is the result of a high polymerisation rate [16] . Thus, for the synthesis of the given tetrazole-containing acrylic superabsorbent, a temperature of 50°C was chosen. 
